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PATENT S 1_AW FIRM 




1. 



2. 

Al-;5lolu:i-. o] nfl ^E) till >Hla((duck embryo ceU, <^1*> "DE"e> ^) ^ li" 
wll ■^Tr'=>} >Hli(chicken embryo fibroblast cell, '^1*1- "CEF"H^- CAT 
A^cg^ (+) 5Efe S^*!-;^] ^fe- (-) ^« 'S^El^ E^^^i^^Al^cl-. ol 

c^oflA-l CAT -rr^^}^ ^"S-cr HCMV(human cytomegalovirus) 
MIEP(major immediate- earyl promoter)<Hl s]-s}c^ CAT -1-^^^ 

'^CS^^n^m iC)^^^ ^S-^^^ (AC)S1 

M-Bl-vflsicI-. ;^li:£<^l ^B^\+ ^341- '^71 ^sflA-ife 10 iigs] ^n^^ 
"C-M^3iiq#j?]- ^71] 37 °C<HlA-| 20 «fl°ot^>^c1-. 
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YOU iVlE 



!t± «F >i f$ $ ^ pJt 



PATENT S L.AW FIRM 



«]5l5r}<l^ M-H^-vflfe Al-^o]cf. ^il7ll^ ^SJS.Bl-CAT -§-^ DE, 
CEF. CHO-Kl, HeLa ^liofl S^^SJ^^l^lJi CAT ^ll£°flAi 
#^§1-^1^. S : SV40 early promoter; C : HCMV MIEP; R : RSV LTR; 

q-Efvfl <a7l ^sflA-lfe 10 flg^ ^«J]€^ ''C-«^2fllJ|#2}- ^7]^' 37 

it, 

°c°flAi 30 wfl^a^^i-^ci.. 

DNA JL^-a- M-B^-i^fe 

ZLe)l^o]i4. pCMV-lacZ DE, CHO, Vero, HeLa, 293T 

^^-^i^i Aj-g-tb 2:^-a- A]-g-§}o^ s^311'='1:e-dna ^^:?iAi7'-] 

<gAfl5}^c]-. 60 mm ,^^]o]B.^ ^1- 

>Hl4iEfe 9in EPOS) 1-^^ ^ -^-S-^l 7fla^ajo] 

cfojo^z^^olcl-. ^^7'i\s] EPO^ ^^<^14. aJ^^ll 

PCR^ ^e]-o]Dl 25 ^ 33* ^f-g-*}'^ ^^l^V^^^. DNA ^^-i: 



«^&><^ ^B^-o]D] 12 ^ 9-1- A}^^c^ PCR# ^^1§l-^T=f. 

^^o]Ti] i2oflA^ (wavy tale)^ ^1^ -^^^^B] ^€-e!l-^E]j£ 

^•11^ i^tlrt:!-. rX5]B.S PCR^'^]^ EPO ^^1 ^^7]- 

^H^o]^ 12 ^ 9fe- 5' "g-^^ofl Hind IH 3Ef-«1-i4. 

'='1^1- ^^5]<^1 EPO DNAfe <^sl7>;^l ^Efls^ "ajBloil^i ' 

HE-EPO 711^ '^71 A-1<t ^ c>nlt<y: A^<golT4. 

SHE-EPO DNA-^ A-1<g ^ ol-nlt<+ A^-aol^. 



^17A£^E1 ;^17FS^ ^ $^°fl7.i SH-EPOSf HE-EPO 7]] 



-fr^T;}-^] ^7lA-1^-a- o]u] M.JL^ 27^S] EPO 711^ -fr^:^}-'?] AM-EPO, 

GI-EPO 711^ -B-^^f^l- yliH^M ^H]-^ 'S7lAi^o]t:f. AM-EPO-1- 

^I8£fe ^ n^al- SH-EPOSf HE-EPO 

o>nli^AV ^i-g-i- <^]u] ^ji^ 2711^ EPOt! AM-EPO, GI-EPOfif wjiasl-cd 



?VBE PATENT S^lXi/ firm 



^]9^^ ^B] u|) ^-flSoJlAi EPO# ELISA ^o^"'^^ in vitro 

tJl-o]^o)/-1]o](bioassay)<Hl ^§l-<=i ^iS. Hjilt!: 

■i, 

A ■ alanine R: arginine N: asparagine D: aspartic acid 

C: cysteine Q: glutamine E: glutamic acid H: histidine 

I: isoleucine L: leucine K: lysine M: methionine 

F: phenylalanine P: proline S: serine T: threonine 

W: tryptophan Y: tyrosine V: valine 



YOU SVIE PATENT S L.AW Fll 



3. ^^5] 



■H- ■a^^ °fle1:^iS^olEj (erythropoietin, "EP0"5^- . 



7}^] '='1^ ^"Jl^ (heterologous protein)^! Aj^i^ ^ o]s. 



^5 ^§>^_^^ . 

TPA(tissue plasminogen acivator), Factor Vm, EPO ^-^r, ^^^-mr 
^4^^7l ^«fl^i ^"Jj^ ^ ^^^(posttranslational modification) ^^l e)-^ 
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YOU ME 



ff# m mm m 



PATEIMT S !_AW FIRM 



^^1-^^ 40 %7} ^^3.^^7} ^c] £]ol ^i^dl, o]^ EPO-S^ 

^^^^ ^^-Sr EPO^ ^SMr^^ l-^^ofl i}^ ^3^;?^ 

^Cf. X^^A^ HJ^ 41 ^Jg:].;,,] 

i4E}-Lfl7li4 £^ nln]*}- M-Bj-xfl ^1 °}-, n^^^ 

it-B- 4^?] COS CHO ^-fliofl^-l ^S^^ EPOfe ^^t!: 



sarcoma) u]-*) 6li^;7}-~alfe-H]-, o] nfo]e]>ioi] cfls]- o^^^ Bfl E^H].o]ei>;A^ 
-2:2^ (retroviral oncogene)") ^Iji -n-^^>^-^-t^-] 

L^(prot»oncogene)<ilHl-fe 7"^^% ^^^*>fe cfl ^^^^ ^^'"■i: 



=1^^ oil- Hfolel^^ g:^ till 4 3E(avian "embryo 
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YOU 



1^ )S » * m pff 

PATENT & UAW FfRIVI 



cells)W "«HWfe ^ofl <^^^^^ -^y^-^^^f -^^ ^^^^^ 

^-l-'S* Ji§ xfli5] n^aj^^ jij:^^ W^]f]7] ^t}-^ 

^^^Ai, -H-aj^ j7:g. ^^,^o| ^««^^ JiJ:*^ ^ 
Sit A))^-^ o]^ ^^^^^ ;^1^*>^, ^^11 

^^^o] ^o.^ ^^^^^ ^^^^^ 

TPA, Factor VHI, EPO» o]^ ^1-^* 0]^^^ 

^fli EPOl- JilJl^^ ^ ^^^^ 

-o>7l?.)- o^.^^ ^ ^^^^ ^^^^^^ 

«>#^*Mlt EPO^ 7])^ DNA. c)^ ^^tl 7]^o.^ 
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B BVBE= PATENT S L.AW FIRIVI 



-fr^^fy]- JLS.-BrS. 3.^ tt>^^^}7il^ ^5] tiH ^lS(duck 

embryo cell, <^]^} "DE"el- ^^g-].^ ©j^. a]^^^ 

DNA71- H>%^s|-i3^, ;^\]5^ £^ ^16:e<^1 S^ltl" ^i^^ h:!:^^^©) 



a ^ ^>^-a- o]^ -^^^M- 3.^^13. SO.^ DNA^f, ^7] DNA7]- 
^lli^Ai All SI- ;^]^>>cf. 



^^^3] ;^l^«}-^oil o^o^xi, ^7RV o]^ -B-^^l-fe <^1» 1-^, EPO, TPA, 
Fcator VIES o]^'^^ 5-<^l^i ^<^] a>^^§l-tq-. 

•^1^ ^aj^^ ^)S«o'-^'^l ^<H^-1, HCMV MIEP* Hl^^rfc^:.! 

SV40 ^7] ^S-S.^, RSV LTRS+ ^<^1 3.^^*^ ^-flioflAi =5.^51 

^-fro> -<flS(chicken embiyo fibroblast cell, °]^} "CEF"e} f-)^ o]-?-cH^ 
^^xj-fe o]^ ^aj^^ Tfl^ DNA, cDNA^ ol^^H^ ■'d^^^ 
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o]-^^ ±B]S.^B\ Bfl ^, DE, CEF* ^>-§-5>^t4. 

oil- nil Ais.^ ^^^E^ -§711 ^is^ ^ si^^, '^is-ar 

^el^cf. i^^ ^sl ^-l^t!: «l-g--^^ 71-^srW. 

^jl^^l] s-Jg /fl^, <^11- ^ nil (chicken embryo) S^E-l -^Bfl€ 

^ila<>ll^-1 ^^--H^ 1-^*^ ^-l^i^^^S -^f-g-Ela- Xii=^. -^11: 

1-^, "a*^"?)!^} u>ol5lioii cfl^v «fl^-gr ^M^l^i ;^lS5lzi Xic}-. 

nl-;^!^^-^^ uflo^t Hll;^l ^ S^*>^, tiH -<fli°ll-^i -fi-^El^ 

rll^l*M^4 al^MfetHl ^ €-^171- Sinl-. 



" ~ ^«-BB I SV^ES >£ * ?^ P'r 

T ILJIJ IVBeS PATENT S LAW FinM 



1. M]s. 



(S. 1) 



£ 



HeLa human cervical carcimoma cell 


ATCC CCL2 


Vera African green monkey kidney cell 


ATCC CCL81 


SV40^ °]^^S^ T.^J-^-fir COS-7 
African green monkey kidney cell 


ATCC CRL1651 


CHO-Kl Chinese hamster ovary cell 


ATCC CCL61 


NIH3T3 contact-inhibited Swiss mouse embryo cells 


ATCC CRL1651 


Ad-5 transformed human embryonic kidney cells 293 


ATCC Ciy:i591 


SL-29 chicken embryo fibroblast cells 


ATCC CRL1590 


Duck embryo 


ATCC CCL141 SE^ 



^7lt!- ^HlSl-^ DMEM(Dulbecco's modified Eagle's medium)°fl 10 % 
^Efl ^^(fetal bovine serum, "FBS"e> ^7}^ hR^Hi^-I 

ufl^cf^f^c]-. «fl ^-fl^LCduck embryo cell)^ ATCC CCL141-& 



<g -§-^(Earle's balanced salt solution)^ ^7}-^ 

^ 120 /ig/M^l uflq^Bi G(Sigma P-3032:1690 units/mg)^}- 200 ug/nd ' 
>:S^Sn>olAl (Sigma S-9137: 750 units/mg)^ ^7]-§>c.i Af-g-^l-^q-. 

A>-g-:a CAT «-e]-:iinls.^^ Hind HI CAT t'Mb. (Pharmacia, 

Piscataway, NJ^^e] t^^)* pRc/RSV ^ pRc/CMV (Invitorgen, San 
Diego, California, U.S.A.^^Ei "^"M ^'^i}<^ pRSV-CAT ^ 
pCMV-CAT* pSV-CAT^ o]u] ^ ^^7}d\] o]^c^ :^]^^ 

H> 91^ »el->;n]^ p9i8^ A]-S-e>^t4. EPO ^^S.^ ^ 

^>-§-§f5S^iHl, pCMV-gEPOfe EPO ^^^} ^i^-S- pRc/CMV^ Hind 

ni €-5.^s><^ pSV-gEPO^ pSV918^ CAT ^i-i^ Tfl^ 

EPO ^i^^ ^^m^ ^]^^}^^. j^^^ 

pCMV-lacZfe a}-^]Hlo].o^ lacZ -fi-^Tt)-!- pRc/CMVs] Hind HI 

a u^ii.^ ivhe;^ patent s law firm 



11. 2iW DNA JE^^^ai^ 

^:iL ^^^t^, ZL-^ -^^;^|-^ ^V^o^ ^flS^ :aZL^ 13>7]- 

^«^l?l7l -?]SllAi^ DNA* HS.<^] 7l#^ 7Ti\^o] 

^lol] trfaf ^ ^'l^f^ iE-a-^ ^1- ^-f-l- 7]^^ 

DNA» CEFS^- DE°11 M^^^ ^oj^Vfe ^^^^ 7fl^§}^i:+. 

^ i-'^^fe 7l-^*V -^ei 7l# ^ 3£^5llo]E-DNA 

^^li£^(stable ceU line)* ^l3i*>^i;Hl Af^^ ^ 5^7] nfl^ojc}.. -felfe 

YOU IVI^ * 

I IVII^ PATENT S L 



100 mm uflof ^AHl^-l ^]i7f 50 - 70 % 5. :^}^4r ^, HBS 
^^'-§-'^(140 mM NaCl, 5 mM KCl, 0.75 mM Na2HP042H20, 6 mM 
dextrose, 25 mM HEPES)ofl # 10 fig DNA» -^V-g-oflAi 30 ^^i; 

aflW^i^. PBS* ^^^"JJ wlj^l 10 iiv«^ ,^7l-*]-Jl 37 °C<Hl^i 20 

A]^^o> wfl -y^s-l-^cf. ^ CHO-Kl ^-fli£fe 8 ^l^a:^-?}- ufloj:3f^t:f. 
100 uM €-S^fi(chloroquine) 10 miS. ^e]^ 4: 37 °Cofl-<.-1 3 ^l^^"?! 
«ll'y=«->^i4. 10 mis] A]]^^ «fl:=^lS Ja^t!: ^, ^S.^- 1 ^fl^l 2 'U 
«fl ^cf. Hl)°c^ ^^-^^-i- ^^*>'^ 1000 rpm°11^i 10 €4]^£l3->c^ 

jE^>^tf?>a^ ■s}:x] -^^^"-^^ EPO ^il* Si^l ?^-Sr 

S.-^4r #^^*>7] pCMV-lacZ-^^ E.^^a3j.5^§|.j7 PBS^ 

13^ ^-11^^*}^ 3 'U^ 0.5 % ^^#^^tHl*)-olS. (PBS^fl)^ 10 ZL7^§>J1, 
1 mM MgCl2-l- S^*>fe 4 ml PBSS. zj-z]- 2 10 ^^91 23) 

X-gal <g^-J}* ^sflAi^ [4 mM K3Fe(CN)6, 4 mjM 

K4Fe(CN)63H20, 2 mM MgCk and 400 /zg/in£ X-gal (dimethylformamide 
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CAT s:]-7l*l- «>'^^^ 



i , V 



4^^€r]-ZL, 0.25 M Tris-HCl (pH7.5)» Al-g-§><:^ ^ 
4^^ gfl^-a- Hj-^^l-ji 65 °C^lA-l 7 ^^o). ^cQ:^}^i^_ :^<y^V oj:o] 

CAT ^-^^§1-^14. "J-g-A]^>^ afe^- 

CAT -1-^^^ nfl-^ ^o> 10 //g ^ai^J!]- 20 vfl^] 30 wj-g- a]^>o> 

A>-g-*}-<^S £]^:i7, ols). ^1-^ S7d§H]^i cf^ S-if^ ^ilio]l^^o| CAT 
nfl-^ ^>lul. n]n]s-)-^t:^-. CAT %^§c>] x:^^ ^.iS.<^]Aj ^V;^^ nfl ^ 

oHl^S).^ ^Efl^o^ ^^^^ «]-g-§M ^fe 7l;i2f ofxfl^s}-^ ^H)]# 
^Hf o^JHl Al^ellcj/^ ^^i7]^ ^^^}^^^ °ot# 
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VOU ME >i » * 



PATENT S LAW FIRM 



-H- ^^^^}^ ^^aBll"^i HCMV^ MIE (major 

immediate early Tegion)S.^B\^ ^S.S.^ (HCMV MEIP)* -^d^^H 

pCMV-CAToflA], «Vb11h]o]. XAT ^^d^}^ HCMV MIEP^ «>fe ^' 

^^Hl Sli^. rfls^ (negative controD^A-^, ^^jie]^ o|o.i4 QAT 

it, 

^fe #ef>.n]- pRc/CMVl- Af-g-^l-^r:}.. o) #e^^n)^» 
DE ^ CEP Alls^ CAT #^d*>ci H^^:^^^ 

^^^1- ^^m^ jL-fr-a- 53) oj^j- ^^a}^^ 

-ilSoll^i a^- CAT ^-^o] ^^u^;.] ^s^uf. pCMV-CAT* 
i^ollfe - .fl^ollAi s.^ CAT^^^o] :a#5]o^c}.. 

ol^oili c|.o,t^V H^^^^ .fl^oil^^^r:^ DE 

^flioil^i CAT %-^o] ^^^^ ^ ^j^^^^^ 

CAT ^^i^ s>o]^ 10 ifl^l 50 wfl^ ^>oi7|. uj-cf. 



3^ 
o 
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YaU BV/IP= ;S ^$ ^ ?g 

■ »WBti PATENT & LAW FIRM 



III. ^ilS^ S-^^ A}o] Cj-s ^^S.E-] 

^>^1^ -H-^^j- WliU 

(1) SV40 ^^3.B\ (SV40 early promoter) 

(2) HCMV MIEP (Human Cytomegalovii-us Major Immediate Early 
Promoter) 

(3) RSV LTR (Rous 'Sarcoma Virus Long Terminal Repeat) 

^^S.B\^ i-^^ ^lioilA-l Dfl^ ^o.^ o^^^ 9Ji^^, 

Sl 31-^3] o]^ o.^;^|. o^^-y^ ^}-^s]o] ^t\., 

^S.^B]^ CAT -g-^ ^S^l (constructs)* 7>;^)fe 
#e]->in]^^^ 47|]o^ t:^.= CEF, CHO-Kl, HeLaofl E^>,?]j/^^v 

^ CAT A}o] ^ ^fl^r A)-olo| 
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Jl^^ uljjl^V^cf; ol<4 :Q.^ a|j2s. o^§].o^ ^.^ E.^^^^^. CAT 

^AjcH] ^o. ^^§].o1]^^ oja}. :Q;^ ;gjz^o| ^ crj]-. 

^12:£<^ o] .^jjoflx-j A>-§-^ CAT S.± ^-flS 

10 //g, 30 37 °C «l-g-olcf. cjfi]. 

^l7fls^ ^^SEls^E^ -fi-efl^ CAT CHO ^ HeLa ^-flioil^^i^ ' 

°c]^^ <^1* 80 - 100 //g#, icf ;7i Hp^A]^> <ii]^ s.^ 90 

^■fl^oll^-lfe CAT %^io] ^y]] (^12S 2, 3, 5. 6 ^91). ^^J: 

SV40 ^SSEls^ ^-foll^ CEF ^IS-^lAi CAT ^-^^o] 

^Xi:cf (;^)2£ ;?il4eil'y). o]^^ji]. ;gj4^ j^^^. ^flio^j A^j^cf tfi) 

DE CAT #^^0] ^7)1 ^#E]S^tiHl ^^IHCMV MIEPfe 

n}14- 7„V^§l.7]i (;^12£ ^12511^1). ;^]251<^]1 CAT 

^V-g-o] cf-- ^^#o)lAii 2j CAT i^EftflS^ A]Bfl^v 

^<^1C1-. CAT «}-g-* ;^12£^ ^12211 A>-g-^> ^JS.^ Af-g-^H 

^Itt-^ ^^idimiting condition)Brl-<H]A-^ -^Ajs-}-^ CAT ^^<^] 50 % 
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^}o]^ CAT ^>^lfe ^'H^^ 100 ^oM. 

o]^ DE ^^lS^fl<HlAi . HCMV- MIEP^ 2:^*H1'^-1 ''fl-^' 

M^^AS. ^^^^ ^^Itlrt:]-. ^ 

IV. DE ^ilS'^l^^ ^r^^}^ ^91 

DE >^-fli<HlAi^ ^-gr CAT^ DE '^ili* ^^fb S-^ 4^7}- 

7c)- ^^^1- ^7l i41$ol7l ^t^^ ^3L^^ M^tl 

E^^:^^^] ;gj!j.<y| 7}^^^o] olcl-. ^, ^flJES] ^:<\-7} ^<^}M 

^ ^^^>^ pCMV-lacZt DE 1^ ^l" ^'llS'Hl = ^>^^/^a1 ^c}-. 

YOU ME 



H^>;:ai.a^ ^S.^ X-gal5. <g^§>Jl M]^^ ^1- ^^^o}<^ 

V. "a^fl EPO^ 

Slfe7l- o^^» s^'?]*]-7l ^ EPO -^^;^}-«- %)---Sisl-5K-a 

SX^ DNA» ^H^sH ^^^1-^^. '^l EPO ^^^f* tfl^i-^^ 
"^l-frfe- ^^^"^l ^1^1^ 'Q-^-^^ (secretion protein) c*] DE A]^7\ 

^ ^^^7\^ EP021 cDNA cfl^ 711^ A>-g-5>^fei:Hl, o]^ ol^ls] 

^^^}7f DE ^-fli^flAi ^#Bfc^l-^d^'H mRNA* ^^^^^ 
^ Sit^l* ^S§f7] 



" vir^i « i\/a= >i » ^ Pii 

Y Uvuf a V BESS pathnt & law firm 



EPO -^^7.}$] ^ DNAfe ¥ A>^S1 

1°-^ ^3LA>o]E^ FicoU-Hypaque ^«fl €^€3^ l}-'^^^ ^3]*>^t:f. " ''• 
A]-g-s>o^ 5^}7ltl-- 1J-^<H1 it}-el- PCR°1] 3.^" 

^^]^\^ EPO Ai<l# g^x^^i^nf 

EPO°fl cfltV 711^ DNA» "^71 ^*M. ^^1 ^-flSl- TES (10 mM 
Tris-HCl pH7.8; 1 mM EDTA; 0.7 % SDS)» A}-g-*}-o^ ^^3>3. 400 iiz/ml 
xr ^Bl i4^.>;^l 50 °C<H1>1 1 «]-4-Al^ ^, 

^^^■IB]*}^^}." EPO ^^^Hl ^'^l^J* q-H^-i^^ 

^5lZL^#e]l^Els. ^ej-ojT^fi]- 7)1^ -^^^f 0.1 /zg# Al-g-*H PGR* 

^efojn^ #25 (sense, 5' to 3') : GAAGCTGATAAGCTGATAACC 
^a}-<^lDl #33 (antisense, 5' to 3') : TGTGACATCCTTAGATCTCA 

^\7]^ 2:^, # 92 r^llAi 1 55 "CoflA-] i^^f 

- 22 - !|$ l^F >£ » » m 

B ^^Ur BVIlE^ PATENT .5^ UAW Fl 



•^^ ^^^] ^3->^ DNA ^^1-^ N-'&^ ^^<^1 ^-1^ 13 7fl 

^^13(11 PCR^ ^«l§>^cf (^)4£ ^3:). 

^s}-olT>j #12 (sense, 5' to 3') : 1^: 
CAAGCTTCGGAGATGGGGGTGCACAATGTCCTGCCTGGCTGTGGC 
^el-olTi^ #9 (antisense, 5' to 3') : 
CAAGCTTTCATCTGTCCCCTGTCCTGC 

PCR<H1 3]^-c^ DNA* pCRn (Inviti-ogene)<^l 

#^^€r>^6,c^_ DNA^ Hindin :^>b11- M<^1 ^^-^^ -^^fl r^^^-^ 

^^<>\] ^<a-a- ^ SZSii:^. ^ ^^ollAi^ EPO Tfl^ -^^i^V* HCMV MIEP 
afe SV40 2.7] ^^S-E] (SV40 early promoter)^^ a^^Hl 
pCMV-gEPO ^ pSV-gEPO ^l^Sf^cf. 

VI. EPO -^^^}^ ^7] A^<1 

'^>7lt!- 'S-^-^^ EPO^ 7l$s] EPO 711^ ^^^M^ 



1 a/Bc: ;4 » pJ 

T H-JU UVIC PATENT a LAW FIRr 



zi5li4 (V. o]^] EPO^ M^) ^^^°fl^i #1-^ 

wJ-^A^ 271]^ EPO 711^ DNA^ ^7]A-|<i^ 

-f 

"HE-EPO"el- *>S, ;^16AS Tfl:^l ;^16CS^ -^-l*} "SH-EPO"el- ^^). 
:^o] ^ -a^oiiA-l €-^^11 EPO -^^;^>fe '^jt^l *efl°fl ^7llsl EPO 

Tll-^ DNA(2|^^ "AM-EPO"sl- "GI-EPO"el- 'S-Sr :*><^l^'='l 

SiSic>(^l7E, ^18S ^^). s.^1 c^^» s.§].oi #5.^^ EPO -a-^-^m 
3711^ o>oli^A}-o] ^2)1 oj EPOS^- ^^cf. HE-EPOt^ Sl-ol^o] C-t^ 
J^^<H1 ^^Sl^l wl--^ SH-EPO^ 37flsl S}ol^ol ;g -f-el^gEl-ol^cHl 

^S5l<H Si5i4(^l8H ^S). <^11- S-a, 191711^ EPO o}nlVc>;V^ 
AlM-EPOi?J- GI-EPOfe 36^^, 100«i^1|, 170«i^l) o>nli:,A].ol z^z]- 
■a-e^^d, ^^l-y SH-EPO^ "^^iNd, M]^, n'=>]S.^°]9i^. ^l^^ 

AM-EPO ^ GI-EPOfe 170«i^, 177wl^, 191^^l|7l- ^e], b]-o]X\^ 

"t^l\d?] ^'S HE-EPOfe El-oi^A]_ ^^B^niA].^ ^^<=>]^<^]n^. 
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VII. DE ^■flS'^l^i EPO^ 
EPO DE, CEF, CHO, HeLa, VERO, 293T1- ^^^ffe 

nfl^<Hl Al-g-s>^Jl, 293T ^-flife DNA e^>::^^o] ^-g- J--i-'kf 
ol^cH^jJL, o].tH]i^ul-ois]>^:S^ ElA, ElB, SV40^ T yj-oie^^^^ 
(transactivator)* SJ<=H -^^^>^ I'^'^'l ^7] 

EPO-S] oj^-i- 'S^^S]- Hj-ig (enzyme linked immunoadsorbent 

assay)-^^ (R&D systmes Inc., Catalog number DEPOO, 

Minnesota, U.S.A.). ^-^r (i 2)°11 i4El-^Sii^+. 

(a 2) 

(mlU/m^) 



>^-fl S HCMV MIEP SV40 earyl promoter HCMV/SV40 



293T 


314 


17. 5 


18 


CHO 


139.4 


10. 4 


13. 5 


VERO 


250 


10.7 


23. 5 


NIH3T3 


89 


79.4 


1.1 


DE 


4335 


13.8 


314,8 
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^^y]-^ (S. 2M^^ ^ 9}^ H>i2]- ^O] SV40 2:71 

HCMV MIEP» ^f-§-o>^-g- nflfe DE H^7} cf# hI^H -S^*] 

EPOt -^S^^l^c]-. HCMV MIEPfe S.^ ^"Stt SV40 

2:71 ^^s. El oil ui^H EPO i4Bl-iSi^. "^Isl- ^}°]^ ^-^ 

DE -^iji^fl^i ^^§>^^c-ll, °.3l 315tilli4 EPO* ^J^V^V^cf. ^^ofl 

^l-S-^ <=iel ^IS ^ofl^i DE -<-llS7> ^T-^v 7]-^ oj:^ EPO«- 

^5^°>^cl- CHO ^fliLfe 9l^M A]-g-5lfe EPO* ^S^>*>fe -^lli^ 

S^olcf. ZLsiq- oi^ CHO >^-flS<H]A-l EPOS! DE ^-flioll «l*l-c=l 

^ol£ 30W117} ^nf. 41-71*}- :^3!\-tr EP071- DE >^il3£o)1^-l M^^S. 

-^jAj-tjol «^>#^^ 2lDl*>Bl HCMV MIEP71- DE ^im<^l^-l <^1^ fr^^V 

^ ^^;^1-^ DE ^^7} «]-Bll5lo> 51 oi^jc,^ -^^^^1-1- i^H-f 
^?]*l-^c}-. ^■^] HCMV MIEPfe DE -^-flioll^i nfl^ -?-==r?l- Jl^* 
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VIII. tifl ^ic^ijA^ ^A].^ EPOS^ io 'ir- 

-a^^ C57BL/6 X C3HS1 ;^llufl ^5^(F1 hybrid mice)^l 

Bl]^5-]-ol:£e}^ 60 mg/kg/body/dayCcfl?^ 1.2 mg/0.1 ml)# -^11-^^ 

^^>^^^YE1 3<a^oi] ^<S^» ^#«>^ 100 mesh 

^tl-oll^i PBS* ^7l-*>ul J:S7lli4ol;^i-i- A|.-g-Brl.c:il ^^.g.o^^ "^Xic}-. 4^71 
•3-^5}-€ I^S^^dymphoprep: NYCOMED PHARMA AS)°ll V-ZS. 

^7]-*>^^ 2000 rpm°ll^i 20^^ €4^^el*]-^i4. ^J-7l ^43-S-Hl 
^711 "3 oil S?] M]S.Mr ^m}^ 1500 rpm°ll^i 3^ PBS^ ^-fls^^l-Jl 

^^^Ble>5Jcf. 24 € *5)1o1:eo]] Jf3]7j. 4 X 10^ ^-11^=^/^171. 

EPO i:flS5 S >a#-a- ^7>^H 22^1:<1- «]) ^cf. 4 uci/1 'H 



PBSS. 2^ M]^^^ ^ ^llt*^ JL^^llL 0.3 N NaOH/0.1 % SDS^ 

A>-S-€r><:H ELISA «o^^-^^ BE<=^]M ^S^^ EPO^ 
u]-o]^o].^lol(bioassay)» **>^ ^o^^ EPO^ ajj^*!- ^J^t^- 

uj-ol^o^^lolz-lo]]^ "y^oll A}-g-£]:il EPO(CILAG AG 

International)^ i:fl3:5-(standards)^ >^l-§-5->^feyK o]^ i-frfi- -f-l" 
^oli^. °1 ^7>^1 ^o^-^^^ "^^^ EPO :2 Hj^ol 1 

± 0.15 ^fe«K ^i^S] ^<^1 p)]^ -frAV^-a- :y.a^^J7 o;it:f. o]^ DE^Il^i 
^^3^^ EP071- ^^11 <a^J-<Hl A>-g-s]:a 9X^ EPOs}- ^fl^ -fr^Vt}- 

EPOfe ^■i-^-flS'^lAi ^]^^ ^efl^ EPO^ -^-atV ^7l-» 
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^7]^ ttfiSf ;g-o] ^ ^Tg^ Hfl >Hl3£ M]^7} o]s. 

o]^ ^^^^ Ma^^^ ;^]^^ ^ o;^!:].. 
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4. ^^^^^ 



-^7] DNA7> ^<a£]fe "aiElfif; 



2. ^] 1 %l-o]l 9Xo]^-], ^^7]^ DNAfe- '^l5^r^:l5.SolE^s. 3.^*>J1 



3. ^1 1 ^Ml ^oi-7)^ DNA^ ;^15£ £fe ^l6:£oll S.^]*}- ^j<^$] 



4. ^1 1 *oHl ^71*}- a^E]^ S(V40 ^7] RSV LTR, 

HCMV iMIEP^ '^l^'H^ ^-^W S#^>-fe- •SjEio] 
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6. ^1 5 ^Hl SX^M, 4i-7]t!- DNAfe s^sfjl 



71]^ DNA^ <^leI^^So]E^6^ 

7. 5 il<H^i, DNA^ ^I5i ^16S<>11 

8. ^1 5 Si<H-<-1, ^■-7]t[- "^i^lfe SV40 2:7] RSV LTR, 
HCMV MIEP^ '^l-^o]^ ^^E]^ ^^SLEll- 'S]H^<y 

9. -B-^^l-t 91^ DNaW; 



^7] ^B\7} #«s]% ^llil-; 
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10. 9 91^^-], 41-71 -fi-^^Vfe TPA, Factor VIH, EPO^ 

11. ^1 9 ^Hl SJol^i, -^c^7l*}■ S^El^ SV40 2.7] ^^S.^, HCMV' 



MIEP, RSV LTR^ <^1^<H^ ^^5]fe S^S-Blt 3L^5>^ pl^ 



12. ^1 9 ^Hl Slo]M, ^^7]-^ ^fli-^ DE, CEF^ '^l^'^l^ ^'='\]M 

15. ^1 14 «oHl ii<H^i, =^1^ -fr^^f^ TPA, Factor IH, EPO^ 



" " -s^ff-si 0 g^/JEs: 't* ^* * 

T tV8£S PATENT S LAW FIRM 



16. 14 ^Hl 91'^ SV40 Sl7] ^S.S.^, HCMV 
MIEP, RSV LTR^ ■='1^<H^ ^^slfe S^*)-^ 

17. ^] 14 Si^^i, ^7l?lr 2:^ M]^^ DE, CEFS <^1^«H^ 

f 

18. ^] 14 Sl'H^i ^J-7lt!- '^'l^ -^^^m <^1^ ^a]^^ 711^ DNA, 
20. p-^^i^sl EPO 7])^ -B-^^K 
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A ^ 



EPO^ Tfl^ DNA o]^ -B-^;^> DNA2}- ^^7] DNA7> Si^l 

V' ■ '- 

^'S- -B-^^l-* ^5<+*>fe a)E^7> ^^s]fe- ^e] 

f 

f, 

W^]^ ^^-^^-a- ^J^>^ ^ Sic]-. 
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DE CHO HeLa Vera 293T 
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10 20 30 40 

III I 
i I I I 

ATG GGG GTG CAC GAA TGT CCT GCC TGG CTG TGG CTT cfc CTG TCC 

MGVHECPAWLWLLL S... 



50 60 70 80 90 

I I I I I 

II II .^,,1 

CTG CTG TCG CTC CCT CTG GGC CTC CCA GTC CTG GGC GCC CCA to 
LLSLPLGLPVLGAPP 



100 



110 

I 



120 



130 



III I 
CGC CTC ATC TGT GAC AGC CGA GTC CTG GAG AGG TAC CTC TTG GAG 
RLICDSRVLERYLLE 



140 150 160 — intron 

I I I 

I I I 

GCC AAG GAG GCC GAG AAT ATC ACG 

AKEAENIT 



-- intron — 420 430 440 450 

I III 
I III 

A CGG GCT GTG CTG AAC ACT GCA GCT TGA ATG 

TGCAEHCSLN 



460 



470 



480 



490 



AGA ATA TCA CTG TCC CAG ACA CCA AAG TTA ATT TCT ATG CCT GGA 
ENITVPDTKVNFYAW 
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500 510 — intron ~ 

I t 
I I 

AGA GGA TGG AG 

K R M E 



— intron — 1120 

I ■ 
I 

GT CGG 
V G Q 



1130 1140 1150 1160 1170 

II III 
II III 

GCA GGC CGT AGA AGT CTG GCA GGG CCT GGC CCT GCT GTC GGA AGC 

QAVEVWQGLALLSEA 



1180 1190 1200 1210 

I I I I 

III I 

TGT CCT GCG GGG CCA GGC CCT GTT GGT CAA CTC TTC CCA GCC GTG 

VLRGQALLVNSSQPW 

1220 1230 1240 1250 1260 

II III 
II III 

GGA GCC CCT GCA GCT GCA TGT GGA TAA AGC CGT CAG TGG CCT TCG 

EPLQLHVDKAVSGLR 



1270 



1280 



1290 



1300 



CAG CCT CAC CAC TCT GCT TCG GGC TCT GGG AGC CCA G 
SLTTLLRALGAQ 
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1400 — intron ~ 1440 

j 

AAG GAA GCC 
K E A 

1450 1460 1470 1480 



ATC TCC CCT CCA GAT GCG GCC TCA GCT GCT CCA CTC CGA ACA MC 
ISPPDAASAAPLRTI 



1490 1500 1510 1520 1530 

II ■ ! ! 

II III 

ACT GCT GAC ACT TTC CGC AAA CTC TTC CGA GTC TAC TCC AAT TTC 

TADTFRKLFRVYSMF 



1540 1550 1560 1570 

III I 
III ■ 

CTC CGG GGA GAG CTG AAG CTG TAC ACA GGG GAG GCC TGC AGG ACA 

LRGELKLYTGEACRT 



1580 

\ 
\ 

GGG GAC GGA TGA 
G D G - 
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10 



20 



30 

I 



40 



ATG GGG GTG CAC GAA TGT CCT GCC TGG CTG TGG CTT CTC CTG TCC 

MGVHECPAWLWLLL S.,, 

... - i-V- 



50 



60 



70 



80 



90 



CTG CTG TCG CTC CCT CTG GGC CTC CCA GTC CTG GGC GCC CCA SGA 
LLSLPLGLPVLGAPP 



100 



110 



120 



130 



CGC CTC ATC TGT GAC AGA CGA GTC CTG GAG AGG TAC CTC TTG GAG 
RLICDRRVLERYLLE 



140 150 160 — intron — 

i !. ! 

GCC AAG GAG GCC GAG AAT ATC ACG 
AKEAENIT 



410 420 430 440 450 

III!! 

ACG GGC TGT GCT GAA CAC TGC AGC TTG AAT GAG 
TGCAEHCSLNE 



460 



470 



480 



490 



AAT ATC ACT GTC CCA GAC ACC AAA GTT AAT TTC TAT GCC TGG AAG 
NIT VPDTKVNFYAWK 
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500 510 — intron — 



AGG ATG GAG 
R M E 



— intron — 1120 



GTC GGG CAG CAG 
V G Q 4 



1130 1140 1150 1160 1170 

II 111 
I I III 

GCC GTA GAA GTC TGG CAG GGC CTG GCC CTG CTG TCG GAA TCT GTC 

AVEVWQGLALLSESV 



1180 1190 1200 1210 

' ■ ! ! 

I I I I 

CTG CGG GGC CAG GCC CTG TTG GTC AAC TCT TCC CAA CCG TGG GAG 

LRGQALLVNSSQPWE 

1220 1230 1240 1250 1260 

II III 
II III 

CCC CTG CAG CTG CAT GTG GAT AAA GCC GTC AGT GGC CTT CGC AGC 

PLQLHVDKAVSGLRS 



1270 



1280 



1290 



1300 



CTC ACC ACT CTG CTT CGG GCT CTG GGA GCC CAG 
LTTLLRALGAQ 
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— intron — 1430 1440 

I ^ I 
AGG AAG CCA TCT 
K E A I 

1450 1460 1470 1480 

I I I I 

III I 

CCC CTC CAG ATG CGG CCT CAG CTG CTC CAC TCC GAA CAA TCA 

SPPDAASAAPLRTIT 

1490 1500 1510 1520 1530 

II III 
II III 

CTG ATA CTT TCC GCA AAC TCT TCC GAG TCT ACT CCA ATT TCC TCC 

ADTFRKLFRVYSNFL 

1540 1550 1560 1570 

III I 
I I I ■ 

GGG GAA AGC TGA AGC TGT ACA CAG GGG AGG CCT GCA GGA CAG GGG 
RGKLKLYTGEACRTG 



1580 

I 
1 

ACA GAT GAC 
D R - 
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AM 
GI 
SH 
HE 



ATGGGGGTGC ACG ( GTGAGT intron 

ATGGGGGTGCACG ( GTGAGT intron r 

ATGGGGGTGCACG intron SIM 

ATGGGGGTGCACG intron SIM 

_ - - . - - . - "4 



-TTCT AG ) AATGTCCTGCCTGGCTGTGGCTTCTCCTGTCCCTGCT 50 

-TTCTAG ) AATGTCCTGCCTGGCTGTGGCTTCTCCTGTCCCTGCJ 50 

AATGTCCTGCCTGGCTGTGGCTTCTCCTGTCCCTGCf 50 

AATGTCCTGCCTGGCTGTGGCTTCTCCTGTCCCTGCT 50 



AM 
GI 
SH 
HE 



GTCGCTCCCTCTGGGCCTCCCAGTCCTGGGCGCCCCACCACGCCTCATCT 100 

GTCGCTCCCTCTGGGCCTCCCAGTCCTGGGCGCCCCACCACGCCTCATCT 100 

GTCGCTCCCTCTGGGCCTCCCAGTCCTGGGCGCCCCACCACGCCTCATCT 100 

GTCGCTCCCTCTGGGCCTCCCAGTCCTGGGCGCCCCACCACGCCTCATCT 100 



m 

GI 
SH 
HE 



GTGACAGBCGAGTCCTGGAGAGGTACCTCTTGGAGGCCAAGGAGGCCGAG 150 

GTGACAGCCGAGTCCTGGAGAGGTACCTCTTGGAGGCCAAGGAGGCCGAG 150 

GTGACAGACGAGTCCTGGAGAGGTACCTCTTGGAGGCCAAGGAGGCCGAG 150 

GTGACAC&GAGTCCTGGAGAGGTACCTCTTGGAGGCCAAGGAGGCCGAG 150 



AM 
GI 
SH 
HE 



AATATCACGGTGAGACCCCTTCCCCAGCACATTCCACAGAACTCACGCTC 200 

AATATCACGGTGAGACCCCTTCCCCAGCACATTCCACAGAACTCACGCTC 200 

AATATCACGGTGAGACCCCTTCCCCAGCACATTCCACAGAACTCACGCTC 200 

AATATCACGGTGAGACCCCTTCCCCAGCACATTCCACAGAACTCACGCTC 200 



AM 
GI 
SH 
HE 



AGGGCTTCAGGGHAACTCCTCCCAGRATCCAGGAACCTGGCACTTGGTTT 248 

AGGGCTTCAGGG- AACTCCTGCCAG- ATCCAGGAACCTGGCACTTGGTTT 248 

AGGGCTTCAGGG-AACTCCTCCCAG-ATCCAGGAACCTGGCACTTGGTTT 248 

AGGGCTTCAGGddAACTCCTCCCAGldATCCAGGAACCTGGCACTTGGTTT 250 
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AM 
GI 
SH 
HE 



GGGGTGGAGTTGGG MGCTAGACACTGCCCCCCT ACATAAG AATAAGTCT 298 
GGGGTGGAGTTGGGAAGCTAGACACTGCCCCCCTACATAAGAATAAGTCT 298 
GGGGTGGAGTTGGGAAGCTAGACACTGCCCCCCTACATAAGAATAAGTCT 298 

GGGGTGGAGTTGGGAAGCTAGACACTGCCCCCCTACATAAGAATAAGTCT - ^..,300. 

... - - ^ - 50 ■ ..V •• 



AM 
GI 
SH 
HE 



GGTGGCCCTAAACCATACCTGGAAACTAGGCAAGGAGCAAAGCCAGCAGA 348 

GGTGGCCCCAAACCATACCTGGAAACTAGGCAAGGAGCAAAGCCAGCAG4 348 

GGTGGCCCX:AAACX:ATACCTGGAAACTAGGCAAGGAGCAAAGCCAGCAGA 348 

GGTGGCCCCAAACCATACCTGGAAACTAGGCAAGGA6CAAAGCCAGCAGA 350 



At^ 
GI 
SH 
HE 



TCCTAO 
TCCTAO 
TCCTAO 
TCCTAO 




TGTGdacCAGGGQCAGAGCCTTCAGGGACCCTTGACTCCC 398 

:CTGTGGH:CAGGGCpAGAGCCTTCAGGGACCCTTGACTCCC 396 

CAGGgBcAGAGCCTTCAGGGACCCTTGACTCCC 398 

OAGGGOCAGAGCCTTCAGGGACCCTTGACTCCC 400 



CTGTGC 
CTGTGC 



AM 
GI 
SH 
HE 



CGGGCTGTGTGCATIfrpAGACGGGCTGTGCTGAACACTGCAGCTTGAATG 448 

CGGGCTGTGTGCATTTCAGACGGGCTGTGCTGAACACTGCAGCTT6AATG 446 

CGGGCTGTGTGCATTTCAGACGGGCTGTGCTGAACACTGCAGCTTGAATG 448 

CGGGCTGTGTGCATlldcAGACGGGCTGTGCTGAACACTGCAGaTGAATG 450 



AM 
GI 
SH 
HE 



AGAATATCACTGTCCCAGACACCAAAGTTAATTTCTATGCCTGGAAGAGG 498 

AGAATATCACTGTCCCAGACACCAAAGTTAATTTCTATGCCTGGAAGAGG 496 

AGAATATCACTGTCCCAGACACCAAAGTTAATTTCTATGCCTGGAAGAGG 498 

AGAATATCACTGTCCCAGACACCAAAGTTAATTTCTATGCCTGGAAGAGG 500 



AM 
GI 
SH 
HE 



ATGGAGGTGAGTTCCTTTTTTTTTTTTff^TCCTTTCTTTTGGAGAATCTC 
ATGGAGGTGAGTTCCTTTTTTTTTTTT Yl TCCTTTCTTTTGG AG AATCTC 
ATGG AGGTGAGTTCCTTTTTTTTTTn ~ 
ATGGAGGTGAGTTCCTTTTTTTTTTTT^ 



TCCTTTCTTTTGGAGAATCTC 
CCTTTCTTTTGGAGAATCTC 



:iTi 



548 
546 
546 
550 
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AM ATTTGCGAGCCTGATTTfflSGATGAAAGGGAGAATGATC(^GGAAAGGTA 598 

GI ATTTGCGAGCCTGATniSGATGAAAGGGAGAATGATCGAGGGAAAGGTA 596 

SH ATTTGCGAGCCTGATTITGGATGAAAGGGAGAATGATCGAGGGAAAGGTA 596 

HE AmGCGAGCCTGATTlldGGATGAAAGGGAGAATGATCqApGGAAAGGTA -§00 



AM AAATGGAGCAGCAGAGATGAGGCTGCCTGGGCGCAGAGGCTdAqGTCTAT 648 

GI AAATGGAGCAGCAGAGATGAGGCTGCCTGGGCGCAGAGGCTCACGTCTA'P^ 646 

SH AAATGGAGCAGCAGAGATGAGGCTGCCTGGGCGCAGAGGCTCACSTCTAT' 646 

HE AAATGGAGCAGCAGAGATGAGGCTGCCTGGGCGCAGAGGCTcbASTCTAT 650 



AM AATCCCAGGCTGAG/fflGGCCGAGATGGGAGAATTGCTTGAGOTTGGAGT 698 

GI AATCCCAGGCTGAGATGGCCGAGATGGGAGAATTGCTTGAGCCCTGGAGT 696 

SH AATCCCAGGCTGAGiJcGGCCGAGATGGGAGAATTGCTTGAGCCCTGGAGT 696 

HE AATCCCAGGCTGAGaBgGCCGAGATGGGAGAATTGCTTGAGCCCTGGAGT 700 



AM TTCAGACCAACCTAGGCAGC|S[rAGTGAGATCCCCCATCTCTACAAACATT 748 

GI TTCAGACCAACCTAGGCAGCATAGTGAGATCCCCCATCTCTACAAACATT 746 

SH TTCAGACCAACCTAGGCAGCArAGTGAGATCCCCCATCTCTACAAACATT 746 

HE TTCAGACCAACCTAGGCAGCSTAGTGAGATCCCCCATCTCTACAAACATT 750 



AM TAAAAAAATTAGTCAGGTGAAGTGGTGCATGGTGGTAGTCCCAGATATTT 798 

GI TAAAAAAATTAGTCAGGTGAAGTGGTGCATGGTGGTAGTCCCAGATATTT 796 

SH TAAAAAAATTAGTCAGGTGAAGTGGTGCATGGTGGTAGTCCCAGATATTT 796 

HE TAAAAAAATTAGTCAGGTGAAGTGGTGCATGGTGGTAGTCCCAGATATTT 800 



AM GGAAGGCTGAGGCGGGAGGATCGCTTGAGCCCAGGAATTTGpGCTGCAG 848 

GI GGAAGGCTGAGGCGGGAGGATCGCTTGAGCCCAGGAATTTQASGCTGCAG 846 

SH GGAAGGCTGAGGCGGGAGGATCGCTTGAGCCCAGGAATTTGb3GCTGCAG 846 

HE GGAAGGCTGAGGCGGGAGGATCGCTTGAGCCCAGGAATTTgHsGCTGCAG 850 
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m 



AM 
GI 
SH 
HE 



TGAGCTGTGATCACACCACrccAqrCCAGCCTCAGTGACAGAGTGAGGCC 898 ' 
TGAGCTGTGATCACACCACTGCACTCCAGCCTCAGTGACAGAGTGAGGCC 895 
TGAGCTGTGATCACACCACTGCA A TCCAGCCTCAGTGACAGAGTGAGGCC 896 
TGAGCTGTGATCACACCACTGCAOrCCAGCCTCAGTGACAGAGTGAGGCC j,-^ • 3Q0 



AM 
GI 
SH 
HE 



CTGTCTCAAAAA|SSAAAAGAAAAAAGAAAAAT1S|ATGAGGGCTGTATGGAA 
CTGTCTCAAAAAASAAAAGAAAAAAGAAAAATAATGAGGGCTGTATGG 
CTGTCTCAAAAACSAAAAGAAAAAAGAAAAATAATGAGGGCTGTATGG, 
CTGTCTCAAAAAAGAAAAGAAAAAAGAAAAATTATGAGGGCTGTATGGAA 



948 
945 
946 
950 



AM 
GI 
SH 
HE 



TACfiprrCATTATTCATTCACTCACTCACTCACTCATTCATTCATTCATTC 998 

TACSTTCATTATTCATTCACTCACTCACTCACTCATTCATTCATTCATTC 996 

TACATTCATTATTCATTCACTCACTCACTCACTCATTCATTCATTCATTC 996 

TAcklTCATTATTCATTCACTCACTCACTCACTCATTCATTCATTCATTC 1000 



AM 
GI 
SH 
HE 



ATTCAACAEIGTCTTATTGCATACCTTCTGTTTGCTCAGCTTGGTGCTTGG 1048 

ATTCAACAyGTCTTATTGCATACCTTCTGTTTGCTCAGCTTGGTGCTTGG 1050 

TCTTATTGCATACCTTCTGTTTGCTCAGCTTGGTGCTTGG 1047 

TCTTATTGCATACCTTCTGTTTGCTCAGCTTGGTGCTTGG 1048 



ATTCAAC 
ATTCAAC 



AM2 
GI2 
SH2 
HE2 




GAGGGGCAGGAGGGAGAGGGTGACAIp^TCA 
TGAGGGGCAGGAGGGAGAGGGTGACATcdcTCA 
TGAGGGGCAGGAGGGAGAGGGTGACATGQGTC, 
TGAGGGGCAGGAGGGAGAGGGIGACATTS^TC. 




GACTCCCA 1098 

GACTCCCA 1100 

TGACTCCCA 1197 

GACTCCCA 1198 



AM2 
GI2 
SH2 
HE2 



GAGTCCACTCCCTGTAGGTCGGGCAGCAGGCCGTAGAAGTCTGGCAGGGC 1 148 

GAGTCCACTCCCTGTAGGTCGGGCAGCAGGCCGTAGAAGTCTGGCAGGGC 1 150 

GAGTCCACTCCCTGTAGGTCGGGCAGCAGGCCGTAGAAGTCTGGCAGGGC 1 147 

GAGTCCACTCCCTGTAGGTCGGGCAGCAGGCCGTAGAAGTCTGGCAGGGC 1 148 
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AM 
GI 
SH 
HE 



CTGGCCCTGCTGTCGGAi&rrGTCCTGCGGGGCCAGGCCCTGTTGGTCAA 1198 

CTGGCCCTGCTGTCGGAAQCTGTCCTGCGGGGCCAGGCCCTGTTGGTCAA 1200 

CTGGCCCTGCTGTCGGAATCTGTCCTGCGGGGCCAGGCCCTGTTGGTCAA 1197 

OlSGCCCTGCTGTCGGAAicTGTCCTGCGGGGCCAGGCCCTGTTGGTCAA v^l|8 



AM 
GI 
SH 
HE 



CTCTTCX:C, 
CTCTTCCC 
CTCTTCCC 
CTCTTCCC 




GTGGGAGCCCCTGCAGCTGCATGTGGATAAAGCCGTCA 1248 
CGTGGGAGCCCCTGCAGCTGCATGTGGATAAAGCCGTCA ( 1250 
:CGTGGGAGCCCCTGCAGCTGCATGTGGATAAAGCCGTCA*^''1247 
CGTGGGAGCCCCTGCAGCTGCATGTGGATAAAGCCGTCA 1248 



AM 
GI 
SH 
HE 



GTGGCCTTCGCAGCCTCACCACTCTGCTTCGGGCTCTGGGAGCCCAqarG 1298 

GTGGCCTTCGCAGCCTCACCACTCTGCTTCGGGCTCTGGGAGCCCAGGTG 1300 

GTGGCCTTCGCA6CCTCACCACTCTGCTTCGGGCTCTGGGAGCCCAGITG 1297 

GTGGCCTTCGCAGCCTCACCACTCTGCTTCGGGCTCTGGGAGCCCA&G 1298 



AM 
GI 
SH 
HE 



m^kGAAGGG 1348 
pAGAAGGG 1350 



agtaggagbggacacttctgcttgccctttbtgtaagaagg 
agtaggagcggacacttctgcttgccctttcrgtaagaaggg 
agtaggagssgacacttctgcttgccctttstgtaagaaggasagaaggg 
agtaggagosgacacttctgcttgcccttinrgtaagaaggesagaaggg 



1347 
1348 



AM 
GI 
SH 
HE 



TCTTGCTAAGGAGTACAGGAlSCTGTCCGTATTCCTTCCCTTTCTGTGGCA 1398 

TCTTGCTAAGGAGTACAGGAACTGTCCGTATTCCTTCCCTTTCTGTGGCA 1400 

TCTTGCTAAGGAGTACAGGAACTGTCCGTATTCCTTCCCTTTCTGTGGCA 1397 

TCTTGCTAAGGAGTACAGGAljcTGTCCGTATTCCTTCCCTTTCTGTGGCA 1398 



AM 
GI 
SH 
HE 



CTGCAGCGACCffpCTGTTTTCTCCTTGGCAGAAGGAAGCCATCTCCCCTC 1448 

CTGCAGCGACCT:;CTGTTTTCTCCTTGGCAGAAGGAAGCCATCTCCCCTC 1450 

CTGCAGCGACCTCCTGTTTTCTCCTTGGCAGAAGGAAGCCATCTCCCCTC 1447 

CTGCAGCGACcIaPCTGTTTTCTCCTTGGCAGAAGGAAGCCATCTCCCCTC 1448 
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CAGATGCGGCCTCAGCTGCTCCACTCCGMCMTCACTGCTGAiqACTTTC 1498 

CAGATGCGGCCTCAGCTGCTCCACTCCGAACAATCACTGCTGACACTTTC 1500 

CAGATGCGGCCTCAGCTGCTCCACTCCGAACAATCACTGCTGAIACTTTC 1497 

CAGATGCGGCCTCAGCTGCTCCACTCCGAACAATCACTGCTGi&CTTTC ^4^3 



CGCAAACTCTTCCGAGTCTACTCCAATTTCCTCX:GGGGAH|AGCTGAAGCT 1548 
CGCAAACTCTTCCGAGTCTACTCCAATTTCCTCCGGGGAAAGCTGAAGCT r 1550 
CGCAAACTCTTCCGAGTCTACTCCAATTTCCTCCGGGGAAAGCTGAAGCT* 1547 
CGCAAACTCTTCCGAGTCTACTCCAATTTCCTCCGGGGAiAGCTGAAGCT 1548 



GTACACAGGGGAGGCCTGCAGGACAGGGGAdaGATGA- 1585 

GTACACAGGGGAGGCCTGCAGGACAGGGGACAGATGA- 1587 

GTACACAGGGGAGGCCTGCAGGACAGGGGACASATGA 1585 

GTACACAGGGGAGGCCTGCAGGACAGGGGACPSATGA- 1585 
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m 



AM/GI 

SH 

HE 



AM/GI 

SH 

HE 



MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICI 
MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICI 
MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICI 



IVLERYLLEAKEAE 50 
IVLERYLLEAKEAE 50 
iVLERYLLEAKEAE 50 

- "'^^'m -:^ " 



NITTGCAEHCSLNENITVPDTKm'YAWKRMEVGQQAVEVWQGLALLSE|S 
NITTGCAEHCSUJENITVPDTKVNFYAWKRMEVGQQAVEVWQGIJilXSES 
NITTGCAEHCSLNENITVPDTKVNFYAWKRMEVGQQAVEVWQGLALLS^ 

a,- 



100 
100 
100 



AM/GI 

SH 

HE 



VLRGQALLVNSSQPWEPLQIiWDKAVSGLRSLTTLLRALGAQKEAISPPD 150 
VLRGQAIXVNSSQPWEPLQLHVDKAVSGLRSLTTLLRALGAQKEAISPPD 150 
MGQALLVNSSQPWEPLQLHVDKAVSGLRSLTTLLRALGAQKEAISPPD 150 



AM/GI 

SH 

HE 



A AS AAPLRTI TADTFRKLFRVplSNFLRl 
AASAAPLRTITADTFRKLFRVySNFLRI 
AASAAPLRTI TADTFRKLFRV YSNFLRl 




YTGEACRTGDIR 
KLYTGEACRTGDR 
YTGEACRTGD3 



193 
193 
193 
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SPECIFICATION 



1 . TITLE OF THE INVENTION 

HETEROLOGOUS PROTEIN PRODUCTION SYSTEM USING 
AVIAN CELLS 

2. DETAILED DESCRIPTION OF THE DRAWINGS 

Fig. I shows the expression of the bacterial CAT gene in avian 
cells. Duck embryo cell (hereinafter "DE") and Chicken embryo fibroblast 
cell (hereinafter "CEF") were transfected with expression vector containing 
(+) or lacking (-) the CAT sequence. Expression of CAT gene was 
induced by HCMV(human cytomegalovirus) MIEP(major immediate-earyl 
promoter). CAT activity was measured by determining the amount of 
acetylated chloramphenicol (AC) produced from '''^C-chloramphenicol. 
The values shown are from one representative of more than five 
independent assays. For this particular experiment, 10 ug of protein was 

reacted with ^"^C-chloramphenicol for 20 min at 37 °C. 

Fig. 2 shows the comparison of CAT gene expression between 
various cell types and between different promoters. The three promoter- 
CAT fusion constructs were transfected into DE, CEF, CHO-K1, and HeLa 



cells, and CAT activity was measured as described in Fig. 1. S : SV40 
early promoter; C : HCMV MIEP; R : RSV LTR. The values shown are 
from one representative of three independent assays. For this particular 
experiment, 1 0 ug of protein was reacted with '''^C-chloramphenicol for 30 

min at 37 °C . 

Fig. 3 shows the efficiency of DNA transfection in various cells. 
pCMV-lacZ constructs was transfected into DE, CHO, Vero, HeLa, and 
293T cells by calcium phosphate-DNA coprecipitation using the conditions 
used for the experiments shown in Fig. 2. Two days after transfection, 
cells were fixed and stained with X-gal. The number of blue cells per 60 
mm tissue culture plate was counted. The total number of cells between 
plates were comparable at 1 - 3 X 10^. Transfection efficiency was 
calculated relative to DE cells. 

Fig. 4 shows the schematic diagram for cloning of human EPO and 
construction of expression vectors. The five blocks represent the five 
coding regions of EPO. The first PGR was performed using primers 25 
and 33. The amplified DNA fragment was cloned and subjected to a 
second PGR using primers 12 and 9. The wavy tale in primer 12 contains 
the nucleotide sequence from the first coding region. Therefore, the 
second PGR generates the entire coding sequence of EPO. Primers 12 



and 9 contain Hindlll linkers at their 5' ends. The amplified and cloned 
EPO DNA was cloned into various expression vectors. 

Fig. 5A to 5C are various HE-EPO genomic DNA sequences 
cloned by the present invention. 

Fig. 6A to 6C are various HE-EPO genomic DNA sequences and 
amino sequences cloned by the present invention. 

Fig. 7A to 7F show the comparison of sequence between genomic 
DNA sequence of SH-EPO and HE-EPO cloned by the present invention 
and genomic DNA sequence of the reported AM-EPO and GI-EPO. 
When genomic DNA sequence of AM-EPO was compared with other 
sequence, the different bases were marked with box. 

Fig. 8 shows the comparison of amino acid sequence between SH- 
EPO and HE-EPO cloned by the present invention and the reported AM- 
EPO and GI-EPO. The different bases were marked with box. 

Fig. 9 shows the comparison of EPO concentration produced from 
concentration in avian cell measured by ELISA and by in vitro bioassay. 



The abbreviation of the ami 
A: alanine R: arginine 

C: cysteine Q: glutamine 

I: isoleucine L: leucine 

F: phenylalanine P: proline 
W: tryptophan Y: tyrosine 



acids in Fig. 5 to Fig. 8 is as follows: 
N: asparagines D: aspartic acid 
E: glutamic acid H: histidine 
K: lysine M: methionine 

S: serine T: threonine 

V: valine 



3, DETAILED DESCRIPTION OF THE INVENTION 

[Field of the Invention] 

The present invention relates to novel expression systems that 
can produce various heterologous proteins including 
human erythropoietin (hereafter "EPO") and method of producing 
heterologous protein using that, and more specifically to the 
production of erythropoietin and various heterologous proteins by 
transfecting DNA encoding the proteins, such as the genomic DNA 
encoding EPO into avian cells. 

[Description of the Related Arts] 

Many recombinant proteins used in medicine are relatively small 
and simple in their structure, and biologically functional proteins can be 
produced in prokaryote such as E. coI'l However, some human proteins 
of medical interest, such as TPA (tissue plasminogen activator), Factor VIII, 
EPO, etc. are more complicated because biological function requires post- 
translational modification. For example, EPO is extensively glycosylated 
with the carbohydrate portion accounting for 40 % of the molecular mass. 
It has been shown that the carbohydrate portion of EPO is important for 
biological function. Accordingly, EPO produced in E coli, yeast or insect is 
inactive or very weakly active in vivo, while EPO produced in COS or CHO 
cells was found to be fully active. Accordingly, those kinds of 
heterologous proteins including EPO have been produced only in 



mammalian cells. 

In the meantime, the avian system has been used for the study of 
gene expression for a long time. One of the first 
viruses to be linked to tumors was the Rous sarcoma virus of chicken and 
this virus was instrumental in demonstrating that the retroviral oncogene 
can originate from a cellular gene, leading to the concept of the 
protooncogen. 

Studies of gene expression have also been done on culture of virus 
in avian or avian embryo cell, but for expression of heterologous genes of 
mammalian cells avian embryo cells have not been used. 



[SUBJECT MATTER OF THE INVENTION] 



The present invention is a research for the high level expression of 
eukaryotic heterologous proteins. It is an object of the present invention 
to provide a novel heterologous gene expression system which can 
produce proteins of higher eukaryotic cells; It is another object to provide 
the method of efficiently producing higher eukaryotic proteins, such as EPO, 
etc., which has been known to be active only when they are produced in a 
mammalian cell; and It is a further object of the invention to provide the 
method of producing, especially, EPO among the eukaryotic proteins 
described above. 



[THE MEANS FOR SOLVING SUBJECT MATTER OF THE 
INVENTION] 



To accomplish the objects of the present invention, the present 
invention provides a heterologous gene expression system comprising a 
DNA encoding a heterologous protein, a vector for receiving the DNA; and 
an avian cell for harboring the vector, wherein the DNA prefer a genomic 
DNA of EPO more preferably that of EPO cloned by special technique 
heterologous gene, the avian cell refer duck embryo cell (hereinafter "DE") 

The present invention provides a system of producing a EPO 
comprising a DNA encoding a EPO protein, a vector for receiving the DNA; 
and an duck embryo cell for harboring the vector. 

The present invention provides a method of producing a EPO 
comprising inserting a DNA encoding a EPO protein into a vector; 
transfecting the vector in an duck embryo cell; and culturing the transfected 
duck embryo cell in media. 

In expression system and production method of EPO of the 
present invention, the DNA is preferable a genomic DNA encoding EPO, 



and more preferably is DNA shown in Fig. 5 or Fig. 6. 

In expression system and production method of EPO of the 
present invention, the vector is preferable a vector harboring the HCMV 
MIEP as promoter. 

The present invention provides an expression system of a 
heterologous gene comprising DNA encoding a heterologous gene; a 
vector for receiving the DNA; and an avian cell for harboring the vector. 

The present invention provides a method of producing a 
heterologous protein comprising culturing the expression system of a 
heterologous gene of the present invention; and expressing the 
heterologous gene. 

The present invention provides an avian cell for expressing a 
heterologous gene as host cell. 

The present invention provides a method of producing a 
heterologous protein comprising culturing an avian cell having a vector 
inserted with heterologous genes encoding a heterologous proteins of a 
high eukaryote cell in media; and purifying a heterologous proteins from 



the cell and media. 

In the expression system of a heterologous gene and production 
system of the present invention, the heterologous gene selected from the 
group consisting of EPO, TPA and Factor VIII. 

In addition, in the expression system of a heterologous gene and 
production system of the present invention, the vector contains promotor 
selected from the group consisting of highly active promoters of high 
eukaryote cell such HCMV MIEP, SV40 early promoter, RSV LTR, etc. 

In the expression system of a heterologous gene and production 
system of the present invention, the avian cell preferably is selected from 
the group consisting of DE, chicken embryo fibroblast cell (hereinafter 
"CEF") 

In the expression system of a heterologous gene and production 
system of the present invention, the heterologous gene is selected from the 
group consisting of genomic DNA, and cDNA encoding heterologous 
proteins. 



[EXAMPLE] 



Hereinafter, preferable examples are presented for the sake of 
understanding. These examples, however, are provided to facilitate the 
understanding and the present invention is not limited to the following 
example. 

The inventors have explored the possibility of using avian cells as a 
host cell for heterologous gene expression. We have chosen to use two 
avian embryonic cells, chicken and duck. We chose to use the chicken 
and duck embryo cells for the following the reasons. First, these 
embryonic cells can easily be prepared from eggs, and they divide rapidly. 
Second, chicken and duck cells can be grown at large scale with relatively 
low cost. Third, some avian cells, such as those from chicken embryos 
have already been used for medical products. For example, influenza 
virus has been cultured in chicken eggs for the production. Finally, the 
culture conditions, including media and temperature, required by avian 
embryo cells are virtually identical to those of mammalian cells so that the 
developed culture method of mammalian cells can be used and can be 
optimized culture condition. 



I. Cells and Plasmids 

1. Cells 

The following Table I shows cells used In the experiment. 



(Table 1) 



HeLa human cervical Cal carcinoma cells 


ATCC CCL2 


Vero African green monkey kidney cells 


ATCC CCL8 


COS-7 African green monkey kidney ceils transformed 
by wild-type T antigen of SV40 


ATCC CRL1651 


CHO-K1 Chinese hamster ovary cell 


ATCC CRL61 


NIH3T3 contactOinhibited Swiss mouse embryo cells 


ATCC CRL1651 


Ad-5 transformed human embryonic kidney cells 293 


ATCC CRL1591 


SL-29 chicken embryo fibroblast cells 


ATCC CRL1590 


Duck embryo 


ATCC CRL141 or prepared 
by the inventors 



All these cells were grown in Dulbeccols modified Eagle's medium 
(DMEM) supplemented with 10% fetal bovine serum (FBS). Duck embryo 
was either obtained from ATCC CCL 141 or prepared in laboratory. by of 
The embryo cells were isolated from the 10- to 13- day old decapitated 
duck embryos and were treated with trypsin. These avian cells were 
grown in minimum essential medium (Eagle) supplemented with non- 
essential amino acids and Earle's balanced salt solution containing 10 % 
FBS. These cells could be maintained for approximately another 30 
passages. Each medium used in this study was supplemented with 120 
ug/ml penicillin G (Sigma P-3032: 1690 units/mg) and 200 ug/ml 
streptomycin (Sigma S-9137: 750 units/mg). 



2. Plasmids 

To evaluate the efficiency of heterologous protein production in 
avian cells, pRc/RSV-CAT and pRc/CMV-CAT were constructed by 
inserting a Hindlll CAT cassette (Pharmacia, Piscataway, NJ) into the 
Hindlll sites of pRc/RSV and pRc/CMV (invitrogen, San Diego, California, 
USA), respectively. For PSV-CAT, the plasmid p918 was used, which has 
been already described by the inventors. For EPO expression vectors, 
two vectors were used. pCMV-gEPO was constructed by cloning the 
Hindlll fragments of the EPO genomic sequence into the Hindlll site of 
pRc/CMV. pSV-gEPO was derived by replacing the CAT sequence of 
pSV918 with the genomic EPO sequence. To measure the transfection 
efficiency, the plasmid pCMV-lacZ was constructed by inserting bacterial 
lacz fragment into the Hindlll site of pRc/CMV. 

II . DNA Transfection of avian cell 

The inventors tested whether avian embryo cells could be used for 
high levels of heterologous gene expression instead of mammalian cells. 
Although avian embryo cells have been used to culture viruses, there was 
no report that heterologous proteins of higher eukaryotic cells were 



expressed in these cells. To carry out the study, it is necessary to develop 
the method of efficient transfection to avian cells. That is, to express 
heterologous genes in avian cells, it is required to develop the transfection 
technique of DNA to target cells. At present, we could not find any reports 
on DNA transfection of avian embryo cells. Accordingly, the inventors 
have developed the technique that CEF and DE cells can readily be 
transfected with DNA. 

Among the techniques available, we have chosen a method using 
calcium phosphate co-precipitation, because this works well for various 
adherent cells and can also be used for establishing permanent lines. We 
have tested many different conditions and found that the following 
procedure was optimum. 

When cultures were 50-70% confluent in a 100 mm culture dish, 
total of 10 ug DNA in HBS buffer (140 mM NaCI, 5 mM KCI, 0.75 mM 
Na2HPO42H20, 6 mM dextrose, 25 mM HEPES) was incubated with the 
cells for 30 min at room temperature. 10 ml of regular media containing 

FBS was added and incubated for 20 hrs at 37 "C. CHO-KI was 

incubated for 8 hours. Cells were then treated with 10 ml of 100 uM 
chloroquine, and incubated for another 3 hours at 37 °C. After 



replacement with 10 ml of fresh media, the cells were grown for 1 to 2 days. 
Culture supernatants were collected and centrifuged at 1000 rpm for 10 
min to remove cells and debris. Control experiment was performed with 
supernatants of un-transfected cell culture and transfected cell with a 
plasmid not contained EPO sequence. To measure transfection efficiency, 
cells were transfected with pCMV-lacZ, rinsed once with PBS, 3 days after 
transfection, fixed with 0.5 % glutaraldehyde (in PBS) for 10 min, and 
washed twice for 2-10 min each with 4 ml PBS containing I mM MgC^. 
For X-gal staining, the staining solution [PBS containing 4 mM K3Fe(CN)6, 
4 mM K4Fe(CN)63H20, 2 mM MgCb, and 400 ug/ml X-gal (in 

dimethylformamide)] was added to fixed cells, and incubated at 37 °C for 4 

hours overnight. When the reaction was completed, cells were washed 
once with PBS and stained cells were kept in PBS. 

CAT assay was carried out as follows. 

Two to three days after transfection, cells were harvested, washed 
once with PBS, and resuspended in 0.25 M Tris-HCI (pH 7.5). Total 
proteins were prepared by 4 cycles of freeze/thawing followed by heating 

at 65 °C for 7 min. Equivalent amounts of protein were assayed for CAT 
activity at 37 °C for 30 min. The amount of protein and the reaction time 



varied, depending on the experiments. For example, the CAT activity of 
cell extracts prepared from DE cells was so high that only 10 ug protein 
and 20 to 30 min reaction time had to be used, and under this condition, 
levels of CAT activity in other mammalian cells were very low or 
undetectable. When CAT activity became detectable in other cells, 
virtually all ^"^C-chioramphenicol was converted. The percent conversion 
of ^"^C-chloramphenicol to its acetylated forms was determined by cutting 
out regions containing unreacted and acetylated forms and quantifying the 
amount of radioactivity in each by liquid scintillation counting. 

We initially chose to use a promoter from the major immediate- 
early region of HCMV, because this has been shown to drive a high level 
gene expression in many different cell types. In the plasmid PCMV-CAT, 
the bacterial CAT gene is placed under the control of the HCMV MIEP. As 
a negative control, the plasmid pRc/CMV containing the promoter but no 
CAT sequence was used. These plasmids were transfected into DE and 
CEF cells and CAT activity was measured to estimate the efficiency of 
transfection and gene expression. One representative result from several 
independent transfections is shown in Fig. 1. Transfection of a control 
plasmid resulted in undetectable levels of CAT activity in both cells of lane 
1 and lane 3. However, transfection with PCMV-CAT resulted in readily 
detectable levels of CAT activity in both cells. In more than five 



independent transfection assays, the level of CAT activity was always 
higher in DE cells than in CPF cells. The magnitude of difference in the 
level of CAT activity between the two cells ranged from 10- to 50-fold, 
depending on the experiment. 

This result indicated that avian cells were readily transfected with 
DNA and the heterologous genes could be efficiently expressed. 

Ill . Comparison of Levels of Gene Expression between Avian and 
Mammalian Cells, and between Different Promoters 

We have compared the levels of gene expression between avian 
and mammalian cells, using three different promoters; 

(1) the SV40 early promoter; 

(2) the HCMV MIEP (Human Cytomegalovirus Major Immediate Early 
Promoter); and 

(3) the RSV LTR (Rous Sarcoma Virus Long Terminal Repeat). 

These promoters are known to be powerful in mammalian cells, 
and have often been used for high level heterologous gene expression. 

These promoter-CAT fusion constructs were transfected into four 



different cell lines, DE, CEF, CHO-KL, and HeLa, and CAT activity 
measured to compare the efficiency of gene expression between 
promoters and between cell types. To make this comparison semi- 
quantitative, all transfections and CAT assays were performed at the same 
time and using identical conditions. One representative result of such 
experiments is shown in Fig. 2. Here, 10 ug of cell extracts were 

incubated for 30 min at 37 °C in the CAT reaction. Under these particular 

conditions, the levels of CAT expression driven from the three promoters 
were very low in CHO and HeLa cells (lane 7 to lane 12 in Fig. 2). Only 
after larger amounts of proteins, 80 - 100 ug, were used for extended 
reaction time for 90 min was CAT activity detected. On contrast, CAT 
activity was readily detectable in the avian cells (lanel, 2, 3, 5, and 6 in Fig. 
2), except for the SV40 promoter in CEF cells. It indicated that the 
expression in avian cells are more effective than that in mammalian cells. 

The most dramatic finding was that the HCMV MIEP was extremely 
powerful in DE cells (lane 2 in Fig. 2). In Fig. 2, the conditions used for 
the CAT reaction were chosen to generate the reasonable levels of CAT 
activity in other samples. When the CAT reaction was performed under 
limiting conditions for the protein sample used in lane 2 of Fig. 2 (i.e., when 
the CAT conversion was below 50 %), the levels of CAT activity of all the 
other samples were virtually undetectable. Therefore, the magnitude of 



difference in CAT activity between the protein sample from DE cells 
transfected with HCMV-CAT and those from the other transfections is at 
least two orders of magnitude. These results suggested that heterologous 
genes could be expressed very efficiently under the control of the HCMV 
MIEP in DE cells. 

IV. Analysis for high level expression in DE cells 

It was confirmed that DE cells expressed very efficiently the 
heterologous protein, CAT through the above experiment (III. comparison 

of levels of gene expression between avian and mammalian cells, and 
between different promoters). For analyzing this reason, the below 
experiments was performed. 

It is possible that the high levels of CAT expression seen in DE 
cells could be due to efficient transfection of the cell population, rather than 
an ability of these cells to support strong gene expression. It is possible 
that the number of transfected cells is so many that expression yields is 
high. To distinguish these possibilities, we transfected pCMV-lacZ into DE 
and various animal cells. After transfection, cells were stained with X-gal, 
and the number of blue cells was counted to estimate the transfection 



efficiency. As shown in Fig. 3, the number of stained cell was always 
comparable between DE and other animal cells. 

Therefore, it is suggested that the high levels of protein expression 
in avian cells were due to an ability of avian cells including DE cell to 
support strong gene expression more than that of animal cells. 

V. Cloning of human erythropoietin 

To test whether DE cells could indeed be used for the expression 
of medically important human Proteins, we have isolated the genomic DNA 
encoding the human EPO gene. We chose to use EPO as a model 
because it is a secreted protein, so we could test whether DE cells properly 
process secreted proteins. We also used a genomic clone of EPO instead 
of the cDNA, to assess whether human genes are properly spliced to 
produce functional mRNA in DE cells. 

DNAs for cloning of EPO were prepared with blood cells collected 
from four people. Human peripheral blood lymphocytes were isolated 
by Ficoll-Hypaque gradient centrifugation of heparin-treated blood cells. 
Total DNA was prepared and used for polymerase chain reaction using 
specific oligonucleotide primers (Fig. 4). The region around the start 
codon was highly GO rich, so the EPO sequence was cloned by two steps 



of PGR using two different pairs of primers. 

To obtain the genomic DNA for EPO, total DNA was prepared by 
lysing human peripheral blood lymphocytes using TES (10 mM Tris-HCI pH 
7.8; 1 mM EDTA; 0.7 % SDS) followed by the treatment with 400 ug/ml 

proteinase K at 50 °C for 1 hour, phenolxhioroform extraction, and ethanol 

precipitation. The polymerase chain reaction (PGR) was performed using 
0.1 ug of total genomic DNA and oligonucleotide primers specific to the 
EPO gene. 

Primer #25 (sense, 5' to 3'): GAAGGTGATAAGGTGATAAGG 
Primer #33 (antisense, 5* to 3'): TGTGAGATGGTTAGATGTCA 

The samples were amplified through 30 cycles that included the 
following parameters: denaturation at 92 °C for 1 min, primer annealing at 

55 °G for 1 min, and primer extension at 72 °C for 1 min. The DNA 

fragment amplified from this reaction did not contain the first 13 nucleotides 
in the N-terminal region, so a second PGR was performed using the 
following primers (these primers are as shown in Fig. 4) 
Primer #12(sense, 5' to 3'): 



CAAGCTTCGGAGATGGGGGTGCACAATGTCCTGCCTGGCTGT 

GGC 

Primer #9(antisense, 5' to 3' ): 
CAAGCTTTCATCTGTCCCGTGTCGTGC 

The amplified DNA from the second PGR was cloned into the is 
pCRII (Invitrogen), from which the Hindlll fragment containing the genomic 
sequence of EPO was inserted into various expression vectors as 
described above. In this experiment, the amplified DNA was placed under 
the control of the HCMV MIEP or SV40 early promoter, generating pCMV- 
gEPO and pSV-gEPO respectively. 

VI. Analysis of Nucleotide Sequences of Cloned EPO Genomes 

Genomic structure of EPO cloned by the above method is different 
from the natural EPO genome in vivo. That is, wild type EPO genomic 
DNA has five coding regions and four introns between them. However, in 
the DNA cloned by the above method (V. Cloning of human erythropoietin), 
the first coding region was fused to the second coding region to form one 
coding region so that it has four coding regions and three introns. 

DNA sequences of two EPO genes cloned in the above method 



are shown in Fig. 5 and Fig. 6(Hereinafter sequences shown in Fig. 5A to 
5C is "HE-EPO" and that in Fig 6A to 6C is "SH-EPO"). The nucleotide 
sequences of the cloned EPO are significantly different from those of the 
prior two EPOs ("AM-EPO" and "GI-EPO")(Fig. 7 and Fig. 8). Three 
amino acid of the cloned EPO differed the kwon EPO. When compared 
with AM-EPO or GI-EPO, HE-EPO had different amino acid at C- terminal 
and SH-EPO three different amino acid over the whole polypeptide. For 
example, while AM-EPO and GI-EPO had serine, alanine, and valine at 
positions 36, 100 and 170 respectively. SH-EPO had arglnlne, serine, and 
tyrosine. Further, while AM-EPO and GI-EPO had valine, lysine, and 
aliginine at positions 170, 177, and 191, HE-EPO had tyrosine, glutamlne, 
and glycine. 

VII. Expression of EPO in DE Cells 

EPO expression vectors were transfected into various cells 
Including DE, CEF, OHO, HeLa, VERO, and 293T. We have included 
VERO cells because they are often used for heterologous gene expression, 
and 293T cells which drive very high levels of gene expression, 
presumably due to both the high frequency of DNA transfection and the 
presence of potent viral transactivators such as EIA, EIB, and large T 
antigen. Two to three days after transfection, levels of EPO in the culture 



supernatants were measured by the enzyme linked immunoadsorbent 
assay(R & D systems Inc., catalog number DEPOO, Minnesota, U.S.A.). 
The result of this analysis is summarized in Table 2. 



(Table 2) 



Cell 


HCMV MIEP 


SV40 early promoter 


HCMV/SV40 


293T 


314 


17.5 


18 


CHO 


139.4 


10.4 


13.5 


VERO 


250 


10.7 


23.5 


NIH3T3 


89 


79.4 


1.1 


DE 


4335 


13.8 


314.8 



When the SV40 early promoter was used, there was little 
difference in the levels of EPO between cell types. However, when the 
HCMV MIEP was used, DE cells produced much higher levels of EPO than 
any other cell lines tested. The HCMV MIEP was much more active than 
the SV40 early promoter in almost all the cells tested. This difference was 
especially pronounced in DE cells, where the former produced 315 times 
more EPO than the latter. Among the various cell types, DE cells always 
produced the highest level of EPO. CHO cells are the source of cell lines 
producing EPO that is currently used for human application. In this 
transient system, however, the level of EPO in CHO cells was at least 30- 
fold lower than in DE cells. In conclusion, human EPO could efficiently be 
produced and secreted in DE cells and that the HCMV MIEP is the 
promoter of choice for driving high level heterologous gene expression in 
DE cells. 



In summary, we found that DE cells could produce very high levels 
of bacterial and human proteins. All promoters tested drove higher levels 
of gene expression in DE cells than any other cell lines used in this study. 
In particular, the HCMV MIEP was extremely powerful in DE cells. The 
high level of heterologous gene expression observed was not due to a 
higher number of transfected cells. It appears that DE cells properly 
process splicing and secretion because transfection of DE cells with an 
expression vector containing the EPO genomic DNA sequence produced a 
large quantity of EPO in the culture supernatant. 

VIII Biological Activity of EPO Produced in Avian Cells 

To test whether EPO expressed in avian cells was biologically 
active, we carried out an in vitro bioassay using spleen cells. 

Spleen cells were taken from C57BL/6 X C3H Fl hybrid mice on 
day 3 after the second of two daily injections of 60 mg/Kg/body/day 
phenylhydrazine (about 1.2 mg/0.1 ml) and homogenized with PBS in 100 
mesh. Spleen cell suspensions were prepared with Lymphoprep 
(NYCOMED PHARMA AS) and centrifuged in 2000 rpm, for 20 min. Cells 
were collected at boundary layer, washed three times with PBS and 
centrifuged in 1500 rpm. The spleen cells final concentration 4X10^ cells 



/ml were then incubated in 24 well culture plates with various standard 
doses of EPO control or unknown samples for 22 hr. then pulsed with 4 
uci/well tritiated thymidine was added and reacted for 2-3 hr. The cells 
were harvested, washed two times with PBS, fixed with methanol and 
lysed by 0.3 N NaOH and 0.1% SDS. The tritium amount of cell was 
calculated by LSC solution. 

Fig. 9 shows the comparison of EPO concentration produced from 
DE cell measured by ELISA and by in vitro bioassay using kit that is 
currently used for determining EPO concentration in human serum. The 
bioassay determines biological activity using a control EPO that has been 
produced from mammalian cells. The ratio between the EPO values 
determined by these two methods was 1 +0.15, and the levels of EPO 
measured by ELISA were very comparable to those obtained by the 
bioassay. This result suggested that EPO produced from these avian 
cells had a similar biological activity to commercially available EPO 

EPO produced from avian embryo cells had a similar biological 
activity to commercially available EPO produced from mammalian cell. 



[EFFECT OF THE INVENTION] 

The avian cell, such as duck embryo cell line can be produce a 
heterologous protein including a heterologous protein of high eukaryote cell, 
such as heterologous gene for EPO so that heterologous proteins were 
efficiently overexpressed by using the avian cells. 



4, WHAT IS CLAIMED IS: 

1. An EPO production system comprising: 
a DNA encoding EPO; 

a vector for receiving the DNA; and 

an duck embryo cell for harboing the vector. 

2. The EPO production system of claim 1 , wherein the DNA is 
a genomic DNA encoding EPO. 

3. The EPO production system of claim 1, wherein the DNA 
encoding EPO is selected from the group consisting of genes described in 
Fig. 5 or Fig. 6. 

4. The production system of claim 1, wherein the vector 
contains a promoter selected from the group consisting of SV early 
promoter, RSV LTR and HCMV MIEP. 

5. A method of producing EPO comprising the steps of. 
inserting a DNA encoding an EPO into a vector; 
transfecting the vector into an duck embryo cell; and 
culturing the transfected duck embryo call in media. 



6. The method of claim 5, wherein the DNA encoding EPO is 
a genomic DNA. 

7. The method of claim 5, wherein the DNA encoding the 
EPO is selected from the group consisting of DNA sequences described in 
Fig. 5 or Fig. 6. 

8. The method of claim 5, wherein the vector contains a 
promoter selected from the group consisting of SV40 early promoter, RSV 
LTRand HCMV MIEP. 

9. A heterologous gene expression system comprising: 
a DNA encoding a heterologous gene; 

a vector for receiving the DNA; and 
an avian cell for harboring the vector. 

10. The expression system of claim 9, wherein the 
heterologous gene is selected from the group consisting of TPA, Factor VIII 
and EPO. 

11. The expression system of claim 9, wherein the vector 
contains a promoter selected from the group consisting of SV early 



promoter, HCMV MIEP and RSV LTR. 

12. The expression system of claim 1 , wherein the avian cell is 
selected from the group consisting of DE and CEF. 

13. An avian cell as a host for expressing a gene encoding 
heterologous protein derived from high eukaryote cell. 

14. A method of producing a heterologous protein comprising 
the steps of, 

culturing the avian cell containing the expression system of claim 9 
in media; and 

expressing the heterologous protein. 

15. The method of claim 14, wherein the heterologous protein 
is selected from the group consisting of TPA, Factor VIII and EPO. 

16. The method of claim 14, wherein the vector contains a 
promoter selected from the group consisting of SV early promoter, HCMV 
MIEP and RSV LTR. 

17. The method of claim 14, wherein the avian cell is selected 



from the group consisting of DE and CEF. 

18. The method of claim 14, wherein the DNA encoding the 
heterologous protein is DNA or CDNA. 

19. A method of producing a heterologous protein comprising 
the steps of, 

culturing the avian cell containing a heterologous gene harboring 
vector in media, wherein the heterologous gene encode heterologous 
protein derived from the high eukaryotic cell; and 

purifying the heterologous protein from the cell and media. 

20. 26. An EPO genomic sequence selected from the group 
consisting of genes described in Fig. 5 or Fig. 6. 



ABSTRACT 

Heterologous protein expression system including a heterologous 
gene DNA such as EPO genomic DNA, a vector receiving the DNA and an 
avian cell, such as duck embryo cell, expressing the gene in the vector can 
be used to efficiently produce heterologous proteins such as EPO and to 
obtain a lot of the heterologous proteins. 



